Abstract. There is a trend among employers to prefer Defined Contribution instead of Defined Benfit pension plans, since the former transfer all risks associated with investment return, longevity, etc from the employer to the employeé. However, Defined Contribution plans also allow the individual to enter into positions contingent on the individual situation. This paper investigates the individual welfare consequences of different plans. We used the recent transition from defined benefit to defined contribution for white-collar workers in Sweden as the benchmark for our analysis. The framework for our analysis is a life cycle model of a borrowing-constrained individual's consumption-and portfolio choices in the presence of uncertain labour income. The main result is that individuals with the characteristic of a low expected pre-retirement income relative to average income and high variance in earnings are winners (men with university degree in the private sector), and that those with the opposite characteristic (women with university degree in the public sector) are losers.
Introduction
Defined Contribution-DC pension plans 1 are now often the preferred pension system among employers. This is not very surprising since the shift from Defined Benefit-DB 2 , transfers all the risks associated with investment return and longevity from the employer to the employeé. However, there are also several advantages for the individual with a DC plan: it allows the individual to enter into specific positions, which reduces the consequences of forcing all individuals into one-size-fits-all, in terms of risk and return characteristics; it facilitates portability when the agent transfers from one employer to another; and not the least it assuages the risks of lower wages in the final years of employment. Which of these systems that are beneficial to the individual is very state dependent and merits this research.
In this paper we have analysed the welfare consequences for the individual when transferring from a DB to a DC system. As a benchmark for this analysis, we have chosen the recently negotiated transfer from a DB to a DC plan between private white-collar workers union and their employers in Sweden, cf. [21] . This analysis is even more pertinent, since this transfer will most likely be the blueprint for a similar future settlement for the public employeés.
The main result is that individuals with the characteristic of a low expected pre-retirement income relative to average income and high variance in earnings are winners (men with university degree in the private sector), and that those with the opposite characteristic (women with university degree in the public sector) are losers.
Our analysis draws heavily on the literature highlighting: life-cycle saving and consumption, [20] and [15] ; and portfolio-choice, [22] and [19] . [11] , [6] and [16] created life-cycle models with uncertain wages and borrowing constraints; which showed that market-incompleteness is important when explaining individual choice and welfare effects. [10] and others extended the model with portfoliochoice between a risk-free and a risky asset. [2] added a mandatory pension scheme to the model.
The introduction of non-tradeable human capital into the intertemporal life cycle model with portfolio choice and consumption, creates an asset that will influence-how much the individual saves and the optimal portfolio choice in savings. These choices depend on the expected individual dividend profile from human capital and associated uncertainties, but also on the characteristics of other assets; primarily private savings, pension savings and housing.
Labour generates two types of dividends: wages and pension contributions. In this paper we estimated the income process that should be used as the underlying for calculating the derivatives-net wages and pension contributions; keeping the "dividends" from human capital separate from other types of asset-income. [7] , [16] , [10] , and other similar earlier studies generally treated returns from human capital as equal to earned income net of return from private savings.
Such a wide definition lead to some double-counting, for those who retire early or receive pension benefits dependent on contributions during their working life. In our definition of returns from human capital, we only included income that stem from individual productivity and insurances against, e.g. disability, parental leave, unemployment etc.-not from early withdrawals from retirement savings.
We are interested in the expected income profile as the underlying for pension contributions and taxes, which influence the individuals future choices in terms of saving and portfolio allocation. It is therefore natural to model individuals rather than households 3 , since pension contributions and taxes are primarily dependent on the individual instead of family incomes.
The remainder of the paper is organised as follows: Section 2 describes the model, while Section 3 describes the optimisation problem, and Section 4 the calibration of the model. Section 5 discusses the results, and the final Section 6 summarizes and draws some conclusions.
The Model

Individual preferences
We assume that an individual maximise the expected utility over their adult life-cycle, which starts at the age of τ 0 , and dies no later than at the age of T . We assume that an individual has constant relative-risk-aversion preferences for a single non-durable consumption good-C τ .
Individual preferences at time-m are defined as
γ is the coefficient of relative risk aversion, p τ is the one-year age-contingent survival-probability, δ is the discount factor, b is the bequest parameter and D τ is the bequest amount.
The labour-income process
Following [7] , we assume that the individual income process during working life-L it , is exogenously given by
where-f (τ, Z iτ ) is a deterministic function of individual i ′ s age-τ , and a vector of the individual characteristics 4 -Z, where-K is the retirement age, and-v iτ is given by
where the permanent shock-u iτ ∼ N (0, σ 2 u ) is independent from the idiosyncratic temporary shock-ε iτ ∼ N (0, σ
Assets
There are two assets, one risky and one risk-free asset with after-tax real logreturns equal of r e τ and r f respectively. Excess return is defined as
where the noise-η is correlated with the group-aggregate innovation in permanent labour-income-ξ k , which allows for a group specific sensitivity to the risky asset,
Past and present mandatory savings and retirement benefits
In the old system 5 , individuals have a defined-benefit and a defined contribution plan. The defined benefit plan has a payout of 10%, 65% and 32.5% of incomes at retirement 6 in the intervals [0, 320), [320, 850) , and [850, 1270) respectively 7 . Payout from this plan is constant in real terms, and guaranteed for the remainder of life, P ODB iτ ,
The defined contribution plan has contributions at 4.5% of annual labour income up to 320.
The new system is only based defined contributions (cf. [21] ), with contributions set to: 7% for annual incomes up to 320 and 30% for incomes above this limit. Contributions to the defined contribution plans-DC are therefore,
Individuals can choose the fraction, λ of the defined contribution wealth, DCW to allocate to the risky asset,
where, P ODC, is the mortality-adjusted annuity from the defined contribution plan.
Irrespective of system, all individuals also receive social security pension benefits-SS, which depend on the individual's labour-income trajectory during working life. In [4] , we modelled this system as state dependent and from the simulated trajectories we have estimated a piece-wise linear retention-rate,
; 320
dependent on the permanent part of labour income-L P i64 ,
All payouts from these pension plans are assumed to be forfeited in the event of death.
Labour income and taxes
Wage and retirement income-L can now be defined as
According to Swedish tax rules 8 , labour income and pension benefits are taxed at a common rate, separate from capital income. To calculate net income-L n iτ , we first deduct a general allowance of 10; then a municipal tax of 30%; then national tax of 20% on all income above 300; and finally, an additional national tax of 5% on income above 450. Net income is bounded below by the social welfare minimum-benefit and government-guaranteed minimum pension at 60. Therefore
All the threshold-values that create kinks in tax-rates and benefits 9 are indexed to the expected growth in national labour income-µ l , except the social welfare minimum benefit which is kept constant in real terms.
Private savings and consumption
An individual starts her optimisation life with initial wealth set to . In the following pre-retirement years they receive wages, and in subsequent years retirement benefits. The individual has two control variables: the proportion of cash on hand to consume-θ τ , and what proportion of savings-α τ , to allocate to the risky asset. The cash on hand-disposable wealth, is therefore,
of which consumption is,
There are also constraints on both borrowing and short-sales,
Optimisation
To simplify the calculation 10 , we introduce a decision rule that defines the asset allocation in the defined contribution account. This rule originates from [19] and states that; in complete markets-the allocation to risky assets-λ, is dependent on the relative size of investable assets to total wealth. In our model, total wealth is the sum of: present value of human capital, cash on hand and expected aftertax 11 DC wealth-DCW at . The present value of human capital is the sum of: income plus defined benefits and defined contributions, net of taxes and adjusted for survival probabilities. Prior to retirement, the human capital is discounted with the complete market rate-s, (17) and with the risk-free rate after retirement. Our decision rule is adjusted for the implicit equity exposure through the present value of human capital-β k ∆,
where ∆ is the change in present value of human capital from a group specific permanent income shock-ξ k .
The individual's problem therefore has four state variables (τ , v, X and DCW ) and two choice variables (θ and α) as well as four stochastic variables (ϵ, ω, ξ and η). The value function of their intertemporal consumption and investment problem can then be written as
The solution to this maximisation problem together with our decision-rule from 18 gives us the state dependent policy rules,
We solved the problem numerically by backward recursion from the final year-T , using by-now standard methods, cf. [18] and [10] .
Calibration of parameters
Estimation of labour income process
Follwing [7] , we modelled the log of real income as deterministic part with both permanent and temporary shocks. Their description of the income-process has been used in several life cycle models, cf. [2] , [10] , [4] , [9] , [5] and [23] . The deterministic part of Equation 2 was estimated (cf. Appendix 6 for details) using a longitudinal panel of data-LINDA, (cf. [12] for details), that covers the Swedish population in the age interval [28, 64] for fourteen years during 1992 − 2005, resulting in more than 1.4 million observations.
The data set augmented with wealth information, has recently received attention in cf. [1] , [3] and [14] . The data-set was divided into twelve non-intersecting groups, depending on sex, education and sector (private and public). Using the methodology of [7] , we estimated the variances of the permanent σ 2 u and transitory σ 2 ε components of shocks to income as specified in Equation 2 (cf. Appendix 6).
Individual parameters
We used a standard set of assumptions with respect to the individual parameters for the reference case. First, we set the coefficient of relative risk aversion-γ to 5 and the discount factor-δ to 0.98. The gender specific survival probabilities-p were taken from the Swedish life-insurers when underwriting new policies,i.e. they are forward looking. The bequest parameter-b was set to 1. Adult life is divided into two intervals: working life [28, 64] and retirement [65, 100] . The importance of the risk aversion parameter-γ will be elaborated on when we report on the sensitivity analysis in Section 5.4.
Assets and correlations
In the optimisation, we set the risk-free after-tax rate-r f to 1.5%, which is consistent with the present gross return of less than 2% for long-dated indexlinked bonds. The mean after-tax equity premium-µ e was set to 3%, which is lower than the historical average, but corresponds well with forward-looking estimates (cf . [8] , [13] ). Because of uncertainty about the equity-premium, we analysed its sensitivity in Section 5.4. Volatility σ η was set to 17% for the risky asset.
Next, we followed the procedure of [10] to estimate the correlation-ϱ k η between group specific permanent labour income shocks-ξ kτ and lagged equity returns-η τ −1 . Table 5 , shows the estimated correlation, using the returns on the Swedish equity-index-OMX and on the 12-month Swedish Treasury Bills as proxies for risky returns and the risk-free rate respectively.
We also set the growth in average labour income-µ l to 1.8%, which is the estimate used by the National Social Insurance Board. Finally, the initial wealthis set to 40, corresponding to the mean wealth for individuals at the age of 28.
Results
Labour income process
For reference, we plotted the average of the simulated income profiles for some 12 of the groups, cf. 12 In order to increase readablity, we omitted the groups with similar profiles to the group with the lowest income.
Three findings are notable: First, individuals with a university degree experienced a significantly faster income growth in mid-life than did the other groups, a result which matches stylised facts from the US, cf. [17] , [16] and [10] . Secondly, at each level of education, men had higher income than did women, at all stages of the life-cycle. Thirdly, that remunerations in the private sector was typically higher than in the public sector.
Our results also show a strikingly lower permanent variance if the agent is employed by a public vs. a private entity, whereas the temporary variance was similar, except for those with university degrees. After controlling for private vs. public sector, most of the gender differences in variance, that we found in our previous study ([4] ) disappeared. Figure 5 .1 shows the large effect that a higher variance in the permanent component for Men in Private sector will have on labour income variation at retirement, when compared to Females in Public sector; albeit both are groups with a University degree.
We also note that the permanent shocks to income has the highest correlation with the equity market for the privately employed with an university degree, and that gender is less of an importance.
Winners & Losers
We simulated the individual behaviour from age-28 until 100 with 10000 trajectories. Contingent on their random experience, individuals chose responses determined by the policy rules in Equation 20 .
Since the change of pension system was negotiated by consenting adults-we would expect that on average the two systems would generate similar benefits. However, under the new system, individuals have a much larger responsibility for the appropriate management of the DC-account, since the outcome rests solely with the employeé. In Figure 5 .2 we show (for the highest income groupMen with University degree in the private sector), the variation in size of the DC-accounts.
In order to discover to what extent this new pension system generated winners and losers, we evaluated the value function (Equation 19 ), for the different groups in the first period; using both the old and the new pension system. For each group, we then added an initial amount to the DC-account that was associated with the lowest value of the value function, until the value of the value functions were equal for both pension systems. The results for a subset of the groups are presented in Table 1 .
Intuitively, we would expect the group with the highest expected final preretirement income relative to average income, to lose from the transition and vice versa. Another factor, is that high uncertainty in final pre-retirement income will decrease the expected utility of a defined benefit pension. Men with an university degree in the private sector has an early earnings career and a more pronounced decline in income prior to retirement. They are therefore the winners from a transition. The gain for this group is increased, as they also have a higher variance in income, which makes their expected final income less certain. The defined-contribution system recently negotiated in the private sector is a likely blueprint for a potential change of system for those in the public sector as well. Our analysis shows (cf. Table 1 ) that publicly employed would on average lose and that this loss is most pronounced for women. Women typically have their earnings-career later in life (cf. Figure 5 .1), and therefore have less benefits from early contributions; and secondly that, the lower variance in earnings among publicly employed and will make the Defined Benefit pension closer to a risk-free asset.
Effects on portfolio choice
The positive labour income profile and short-sales constraints will typically make younger individuals "more" constrained, i.e. with an equity allocation quite different from the complete market solution. Cash on hand is very small in comparison to the human capital and since their DC-account cannot be used for precaution, we get a maximum allocation to equities in the DC-account. The difference in equity allocation (α − λ) decrease-as cash on hand accumulates and as the income profile flattens. On average, we therefore expect the allocation to equities in the defined contribution account vs. cash on hand to differ a lot in early life and that the differences will decrease at a later stage. Figure 5 .3, shows the average equity proportion of the DC-account. Irrespective of system, since mandatory savings in pension systems cannot be used for precaution or bequest; there is no reason for young individuals to have anything but equities in the DC-account.
With increasing age, the combined effect of: the DC-account being a much larger proportion of total wealth in the new system and the old Defined Benefit pensions being less risky; will lead to a more conservative behaviour for an agent in the new system. After retirement, when the Defined Benefit benefits become risk-free and hence ∆ = 0 in Equation 18 , we can identify a large increase in the equity exposure for an individual in the old system. In Figure 5 .3, we show the same profile, but now for cash on hand. There is a large difference between the risky weight in cash on hand vs. DC-account in early life, for precautionary and bequest reasons. After retirement, with decreasing present value of human capital, there is a gradual decline in equity-exposure towards the complete-market solution.
It is important to note that; the profiles reflect the simulated averages for one individual. Figure 5 .3 shows some percentiles of equity exposure for an agent in the old pension system. The large variation is solely due to the accumulated effect of individual experiences. If we in addition, also could account for differences among individuals in: e.g. risk aversion, discounting or expected equity premia; then the variation would most likely be even larger.
Sensitivity analysis
In order to analyse to what extent our results are parameter-dependent, we performed a sensitivity analysis using the group whose benefits are most affected by the change in pension systems-men with a university degree in the private sector. Table 2 shows the initial amounts that the DC-account must be increased with, in order to equalise the value of the two pension systems, with respect to changing risk-aversion and a higher equity-premium. In all cases, it was beneficial for this group to move into the new system. The result show that changes in the equity premium-µ e does not have a large impact, whereas the benefit to the less risk-averse was increased substantially.
In Equation 18 , we created a decision-rule for the equity share in the DCaccount. If this rule is too crude, we would expect individuals to compensate for any such errors in the allocation of their private savings. We therefore "tested" this rule by calculating the difference between the equity share in DC-account and in cash on hand-(λ iτ − α iτ ).
A priori, we would expect this difference to be small and show little variance for unconstrained individuals when the precautionary motive is weak, e.g., after retirement. Early in life, however, when individuals are borrowing-constrained, we know that differences between trajectories can be large. Figure 5 .4 plots this difference and the variation after retirement is not very large, which indicates that our rule seems to work.
Conclusions
This paper aims to contribute to the understanding of the welfare effects of moving from primarily a defined-benefit to a defined-contribution pension system, and the changes in optimal individual behaviour required by such a change. The setting is a borrowing-constrained individual's consumption-and portfolio-choice in the presence of uncertain labour-income, with group-dependent labour-income processes and realistically-calibrated tax-and pension-systems. We found that those employed in the private sector had higher income-variance than those in the public sector, while gender differences (after controlling for private vs. public employment) were small.
We have used the recently negotiated change from defined benefit to defined contribution pension systems as a benchmark for our analysis. The finding was that agents with low expected final income relative to average income and those with high income variance are set to gain from this transfer. Winners are men with an university degree within in the private sector, and losers would be women in the public sector with an university degree. The value of the different systems to the individual are dependent on the risk preferences, but will not change the preference of system.
Introducing a defined contribution system will necessitate that the individual has to manage the assets differently in private and pension savings; and that the differences in portfolio choice between agents due to individual situations are relatively large, even if we do not account for differences in terms of riskaversion, etc, between individuals. One-size-fits-all kind of life-cycle funds, where the equity allocation depend on age alone, will therefore not fulfil the individual demand for advice about asset allocation.
Appendix: Data and Estimations
A.1 Estimation of the labour-income process
The data set was divided into twelve non-intersecting groups, depending on sex (Male, Female), education (Compulsory school-, High-school-or Universitydegree) and employer (Public, Private). The matrix of individual characteristics-Z, includes variables for the number of children in different age-intervals as wells as a dummies for maritial status, age. Income was adjusted to real values by deflating with the official consumer price-index. Measured income is an aggregate including gross wages, also all social security benefits (primarily incomecompensation for unemployment, disability and childcare) and pension benefits.
To avoid double-counting, we deleted all observations where income included voluntary pension benefits, i.e., individuals above the age of 55 receiving pension pay-outs at their own request. Pension benefits paid prior to age 55 can be considered as insurance payouts and were therefore included. Progressive taxation will induce most agents to make these early withdrawals only if the individual has simultaneously reduced the ordinary wage income. Finally, we exclude an observation if income is less than 100.000 SEK. Individuals with income lower than this level are assumed to be voluntarily unemployed.
The following random-effects linear model was used to estimate the deterministic function for each group,
where-Z it are the nonstochastic regressors and β is the vector of regression coefficients. Estimation results are presented in Table 3 . Table 4 , and Figure 5 .1,
Taking the average over individuals in each group gives us the group-aggregate component,
Finally, we estimated the correlations-ϱ ξ k η , by applying OLS to, Table 5 presents the result from this regression using the real return of the Swedish equity index OMX as a proxy for equity-returns-r e and the real return on 12-month Swedish Treasury Bill as the risk-free rate-r f . 
